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(57) ABSTRACT 
A replacement metal gate structure and methods of manufac 
turing the same is provided. The method includes forming at 
least one trench structure and forming a liner of high-k dielec 
tric material in the at least one trench structure. The method 
further includes adjusting a height of the liner of high-k 
dielectric material. The method further includes forming at 
least one workfunction metal over the liner, and forming a 
metal gate structure in the at least one trench structure, over 
the at least one workfunction metal and the liner of high-k 
dielectric material. 

22 Claims, 10 Drawing Sheets 

a yers 

  

  

  

  



U.S. Patent Feb. 4, 2014 Sheet 1 of 10 US 8,642,424 B2 

OC 

FIG. 

O 

FIG. 2 

  



U.S. Patent Feb. 4, 2014 Sheet 2 of 10 US 8,642,424 B2 

O 

FIG. 3 

  



U.S. Patent Feb. 4, 2014 Sheet 3 of 10 US 8,642,424 B2 

as: 
'. 

-------- &S38&S 
SSSSSSSSSSS3 

O 

FIG. 5 

O 

FIG. 6 

    

  



U.S. Patent Feb. 4, 2014 Sheet 4 of 10 US 8,642,424 B2 

O 

FIG. 7 

40 32 
y 

YYYYY. --- s.st-as 8& 
ka. ... && s 

XXXXX& 
2 

12 

O 

FIG. 8 

  

    

      

  

  

  

    

  

  



U.S. Patent Feb. 4, 2014 Sheet 5 of 10 US 8,642,424 B2 

FIG. 9 

46 32 

2 
assessessex& 

FIG. O 

  

  

  



U.S. Patent Feb. 4, 2014 Sheet 6 of 10 US 8,642,424 B2 

50 4 

48 

& 
aaasaxYss 

O 

46 

48 

2 3. s re-rrrrrrr-K 2 ex 

O 

38 FIG. 12 

  

  

  

    

  



US 8,642,424 B2 Sheet 7 of 10 Feb. 4, 2014 U.S. Patent 

46 
s: 

K 

FIG. 14 38 

  

  

  

  



U.S. Patent Feb. 4, 2014 Sheet 8 of 10 US 8,642,424 B2 

2 3. es 

O 

(3.85 t 

{ 28 38 3. { 

high-k Dielectric Pittown in 

3. 

FIG. 16 

  



U.S. Patent Feb. 4, 2014 Sheet 9 of 10 US 8,642,424 B2 

3. 

3. 

3. 

: 

& 33 
& & 
se 

s: 
s 
2. 

3. 
33 

& 

s 

33 

g s s 2 23 3: 

88sic .38: 

FIG. 17 

  



U.S. Patent Feb. 4, 2014 Sheet 10 of 10 US 8,642,424 B2 

900 

920 

940 

F.G. 18 



US 8,642,424 B2 
1. 

REPLACEMENT METAL GATE STRUCTURE 
AND METHODS OF MANUFACTURE 

FIELD OF THE INVENTION 

The invention generally relates to semiconductor struc 
tures and, in particular, to a replacement metal gate structure 
and methods of manufacturing the same. 

BACKGROUND 

Capacitive coupling is often caused when one signal 
capacitively couples with another. One of the major sources 
of capacitive coupling (also referred to as parasitic capaci 
tance coupling) is from the Source and drain to Substrate 
junctions of a transistor. 

At low frequencies, parasitic capacitance coupling can 
usually be ignored, but in high frequency circuits it becomes 
a major problem in limiting device performance. For 
example, in high-frequency circuits, e.g., 5 GHZ, and above, 
parasitic capacitance coupling to the Substrate limits the 
Switching frequency. Accordingly, if the parasitic capacitance 
coupling can be reduced, the transistor can be switched faster 
and hence increase its performance. For this reason, high 
frequency circuits require special design techniques to 
improve Switching and hence performance of the transistor. 

Recent advances in technology have begun to address the 
issue of capacitive coupling. For example, these problems are 
being avoided by making circuits on insulating Substrates 
(e.g., silicon dioxide or Sapphire) that have a thin layer of 
crystalline silicon, in which the FET is fabricated. Silicon 
on-Insulator (SOI) technologies are also addressing this 
issue. For example, SOI can reduced the capacitance at the 
Source and drain junctions by eliminating the depletion 
regions extending into the substrate. However, further 
advances are still required as devices are scaled. 

Accordingly, there exists a need in the art to overcome the 
deficiencies and limitations described hereinabove. 

SUMMARY 

In a first aspect of the invention, a method comprises form 
ing at least one trench structure and forming a liner of high-k 
dielectric material in the at least one trench structure. The 
method further comprises adjusting a height of the liner of 
high-k dielectric material, and forming at least one workfunc 
tion metal over the liner. The method further comprises form 
ing a metal gate structure in the at least one trench structure, 
over the at least one workfunction metal and the liner of 
high-k dielectric material. 

In an another aspect of the invention, a method comprises 
forming a sacrificial gate structure on an interface layer, over 
a first type of device and a second type of device. The method 
further comprises forming stress material on the sacrificial 
gate structure, and forming a gap material on the stress mate 
rial. The method further comprises polishing the stress mate 
rial, the gap material and portions of the sacrificial gate struc 
ture to expose material of the sacrificial gate structure. The 
method further comprises removing the sacrificial gate struc 
ture to form a first trench over the first type of device and a 
second trench over the second type of device. The method 
further comprises forming a liner of high-k dielectric material 
withak value of 20 or greater in the first trench and the second 
trench and adjusting a height of the liner of high-k dielectric 
material with an etching process. The method further com 
prises forming a metal gate structure in the first trench and the 
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2 
second trench and over the liner of high-k dielectric material 
and at least one workfunction metal. 

In yet another aspect of the invention, a device comprises a 
trench structure formed of a stress material, and with a bottom 
Surface comprising an interface layer over a well of a first 
device. The device further comprises a high-kdielectric mate 
rial with a high-k value of about 20 or greater which lines the 
trench, and which is pulled down a predetermined distance 
from a top surface of the trench structure. The device further 
comprises a work function metal on the high-k dielectric 
material and portions of the sidewall of the trench, a metal 
gate structure which fills the trench structure and is on the 
work function metal. 

In another aspect of the invention, a design structure tan 
gibly embodied in a machine readable storage medium for 
designing, manufacturing, or testing an integrated circuit is 
provided. The design structure comprises the structures of the 
present invention. In further embodiments, a hardware 
description language (HDL) design structure encoded on a 
machine-readable data storage medium comprises elements 
that when processed in a computer-aided design system gen 
erates a machine-executable representation of a replacement 
metal gate structure (RMG), which comprises the structures 
of the present invention. In still further embodiments, a 
method in a computer-aided design system is provided for 
generating a functional design model of the RMG. The 
method comprises generating a functional representation of 
the structural elements of the RMG. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

The present invention is described in the detailed descrip 
tion, which follows, in reference to the noted plurality of 
drawings by way of non-limiting examples of exemplary 
embodiments of the present invention. 

FIGS. 1-15 show fabrication processes and respective 
structures in accordance with aspects of the invention; 

FIG. 16. shows a performance graph of a capacitance ratio 
vs. a pull-down of a high-k dielectric liner in accordance with 
aspects of the invention; 

FIG. 17 shows a performance graph of a frequency increase 
vs. a pull-down of a high-k dielectric liner in accordance with 
aspects of the invention; and 

FIG. 18 is a flow diagram of a design process used in 
semiconductor design, manufacture, and/or test. 

DETAILED DESCRIPTION 

The invention generally relates to semiconductor struc 
tures and, in particular, to a replacement metal gate structure 
and methods of manufacturing the same. More particularly, 
the present invention relates to front end of the line (FEOL) 
processes for fabricating a metal gate structure, using replace 
ment metal gate processes. In embodiments, the present 
invention implements a high-k dielectric liner into the process 
flow, which results in lower Ceff and hence reduction of 
outer-fringe capacitance. In embodiments, the amount of 
outer-fringe capacitance reduction is significant due to the use 
of a high-k dielectric material liner, e.g., HFO, in a metal 
gate device. 

Advantageously, the metal gate structure of the present 
invention provides improved Ceff over conventional struc 
tures. For example, a 22 nm metal gate structure with the 
high-k dielectric material has a 12% higher Ceff than a metal 
gate structure with an airgap. In embodiments, the impact on 
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an SiO ring oscillator is about 3% frequency increase for a 
significant amount of pull-down from the top of the gate 
electrode. 

FIGS. 1-15 show fabrication processes and respective 
structures in accordance with aspects of the invention. More 
specifically, the structure 5 of FIG. 1 includes a substrate 10. 
The substrate 10 can be, for example, BULK or SOI (silicon 
on insulator). In the SOI implementation, the substrate 10 
includes a wafer or substrate 10a, an insulator layer 10b, also 
referred to as BOX, and a semiconductor layer 10c. The 
semiconductor layer 10c can be an active silicon material, for 
example. 

In embodiments, an NFET and PFET are formed in the 
semiconductor layer 10c using conventional dopants. For 
example, the NFET can be formed by a phosphorous or 
arsenic doping or implantation process; whereas, the PFET 
can be formed by a boron doping or implantation process. A 
shallow trench isolation structure 10d is formed between the 
NFET and the PFET using conventional CMOS processes, 
e.g., lithography, etching and deposition. The shallow trench 
isolation structure 10d can comprise any insulator material 
Such as, for example, oxide. 

Still referring to FIG. 1, a thin interface layer 12 is formed 
on the structure, e.g., over the NFET and PFET. The interface 
layer 12 can be formed using, for example, any conventional 
deposition processes Such as, for example, atomic layer depo 
sition (ALD). In embodiments, the interface layer 12 is a 
oxynitride layer, deposited to a depth of about 5A to 10 A. 

FIG. 2 shows the formation of a replacement metal gate 
structure 13, e.g., sacrificial gate structure, inaccordance with 
aspects of the present invention. In particular, an amorphous 
silicon (Si) layer 14, e.g., polysilicon, is deposited on the 
interface layer 12 using conventional deposition or growth 
processes. For example, the Silayer 14 can be deposited using 
a conventional chemical vapor deposition (CVD) process. In 
embodiments, the Silayer 14 is deposited to about 500 A; 
although other dimensions are contemplated by the present 
invention, as a function of the technology node. An insulator 
material 16 is deposited on the Silayer 14. The insulator layer 
16 may be, for example, oxide. A hardmask 18, e.g., nitride, 
is deposited on the insulator material 16. In embodiments, the 
hardmask 18 is instrumental in the patterning process, while 
protecting the underlying layers, e.g., interface layer 12 and 
Silayer 14. The hardmask 18, in embodiments, can undergo 
a polishing step such as, for example, a chemical mechanical 
polishing process (CMP). 

Still referring to FIG. 2, in embodiments, the layers 12, 14, 
16 and 18 undergo a conventional patterning process to form 
the replacement gate structure 13 on the NFET and the PFET. 
For example, a resist is formed on the hardmask 18, which is 
exposed to energy to form a pattern. The underlying layers 12, 
14, 16 and 18 are then patterned using, for example, a con 
ventional etching process, e.g., reactive ion etching (RIE). 
The resist can then be removed using a conventional ashing 
process, for example. 

In FIG. 3, extension and halo implants are provided for 
both the NFET and the PFET. Although such process is only 
shown for the NFET in FIG. 3, it should be understood that 
that same processes are also used for the extension and halo 
implants of the PFET. In particular, sidewalls 22 are formed 
on the replacement metal gate structure 13 using conventional 
deposition processes. For example, a nitride material can be 
formed on the sidewalls of the replacement metal gate struc 
ture 13 using a chemical vapor deposition process. A block 
resist 24 is formed over the PFET using conventional CMOS 
processes. For the NFET, an N-type extension implant and a 
P-type halo implant is performed using conventional pro 
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4 
cesses. For the PFET, a P-type extension implant and an 
N-type halo implant is performed using conventional pro 
cesses. In embodiments, the angle of implant can be about 25 
degrees; or otherangles which would avoid blocking from the 
block resist 24. 

In FIG. 4, dual embedded source and drains are provided 
for the NFET and PFET in accordance with aspects of the 
present invention. The dual embedded source and drains can 
be formed by, for example, forming a trench on the sides of 
the NFET and PFET and filling the trenches with material. 
For example, the trenches for the NFET can be filled with 
embedded SiC and doped with phosphorous to form the 
Source and drain 26a of the NFET. The trenches for the PFET 
can be filled with embedded SiGe and doped with boronto 
form the source and drain 28a of the PFET. An annealing 
process can then be formed to activate the Source and drain 
regions, which result in NiSi regions 26b and 28b on the 
NFET and PFET, respectively. 

In FIG. 5, a stress material 32 is deposited on the structures, 
e.g., replacement metal gate structures 13. In embodiments, 
the stress material is 32 is a nitride material, deposited using 
a conventional deposition process, e.g., CVD. The stress 
material 32 can be deposited to about 15 to 30 nmi; although 
other dimensions are contemplated by the present invention 
depending on the desired stress component. In embodiments, 
the stress material 32 will forma tensile stress over the NFET; 
whereas, the stress material 32 will form a compressive stress 
over the PFET. A gap fill material 34 is deposited on the stress 
material 32. In embodiments, the gap fill material 34 can be 
oxide or undoped silicon glass, for example. The gap fill 
material 34 can be deposited to a depth of about 2000 A, or 
other depths that will fill in any gaps. 

In FIG. 6, the structure undergoes a polishing process such 
as, for example, a chemical mechanical polishing (CMP). 
More particularly, a CMP process exposes the underlying Si 
layer 14 by removing portions of the gap fill material 34 and 
stress material 32, in addition to the hardmask 18 and insula 
tor layer 16. In embodiments, the polishing process results in 
a height of the underlying Silayer 14 of about 400 A+/-75 A. 

In FIG. 7, the underlying Silayer 14 is removed using, for 
example, a selective etchant to the underlying Silayer 14. In 
embodiments, the interface layer 12 remains intact during the 
removal process of the underlying Silayer 14. More specifi 
cally, the underlying Silayer 14 can be removed to form a 
trench 36, using an HF deglaze at about 65° C. using, for 
example, NH4OH. Alternatively, the removal process can be 
a cold process such as, for example, TMAH solution. In 
embodiments, the interface layer 12 may be etched about 1 A 
to about 2 A to remove any residual material. 

In FIG. 8, a high-k dielectric material 38 is deposited 
within the trench 36 to form a liner of high-k dielectric mate 
rial. The high-k dielectric material 38 can be deposited using, 
for example, conventional processes Such as, for example, 
CVD or ALD. In embodiments, the high-k dielectric material 
38 has a k value of 20 or greater. In embodiments, the high-k 
dielectric material 38 can be, for example, HFO, or HfSiO, 
although other high-k dielectric materials are also contem 
plated by the present invention. The high-k dielectric material 
38 can be deposited to a depth of about 15 A to about 20 A; 
although other dimensions are also contemplated by the 
present invention. A resist or an anti reflective coating (or 
other masking layer) 40 is deposited on the high-k dielectric 
material 38, filling the trench 36. 

In FIG. 9, a recess 42 is formed in the resist or an anti 
reflective coating (or other masking layer) 40 using any con 
ventional patterning processes such as, for example, an etch 
ing processes. More specifically, the resist (or other masking 
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layer) 40 can be recessed to below a top surface of the trench 
to form a resist recess. The recess 42 can be tuned to different 
heights, depending on the patterning process and desired 
device performance. For example, the recess 42 can be about 
50 A to about 150 A (as measured from the top of the resist 
surface). In addition, the high-k dielectric material 38 can be 
etched on the sidewalls of the trench to form a pullback 44 
using, for example, a RIE process with an over-etch beyond 
the resist material 40. In embodiments, the pullback 44 can be 
etched by using a timed etch of diluted HF, including a fluo 
rine based wet etch chemistry or BC1/Cl based RIE etch 
chemistry. The pullback 44 can range for example, 150 to 350 
A, depending on the original dimensions of the high-k dielec 
tric material 38. 

In FIG. 10, the remaining portions of the resist (or other 
masking layer) 40 are removed using, for example, a resist 
ashing process. The resist ashing process will not signifi 
cantly affect the high-k dielectric material 38. The removal of 
the resist will form a trench 46 of about 400 A+/-75 A. 
As shown in FIG. 11, a capping layer 48 is deposited within 

the trench 46 and remaining surfaces of the structure of FIG. 
10. In embodiments, the capping layer 48 is a metal layer, 
deposited using an ALD process. The capping layer 48 can be 
any appropriate material Such as TiN deposited to a depth of 
about 10 A to about 20 A; although other thicknesses are also 
contemplated by the present invention depending on the 
desired workfunction of the device. In embodiments, the 
deposition of the capping layer 48 will result in a width of the 
trench 48 of about 280 A. 
An additional metal layer 50 is deposited on the capping 

layer 48, for setting the workfunction of the NFET and the 
PFET. For example, the metal layer 50 may be, for example, 
TaN, deposited to a depth of about 10 A to about 20 A; 
although other thicknesses are also contemplated by the 
present invention depending on the desired workfunction of 
the device. 

In FIG. 12, a capping layer 52 is deposited over the metal 
layer 50, on the PFET side of the structure. In embodiments, 
the capping layer 52 can be deposited and patterned using 
conventional CMOS processes to form the capping layer 52 
on the PFET side of the structure. In embodiments, the cap 
ping layer 52 is any appropriate material, e.g., TiN, which 
protects the PFET side of the device during subsequent pro 
cessing. For example, in embodiments, the TaN layer 50, on 
the NFET side of the structure, may be etched back, e.g., 
using an argon sputter, to perforate the TaN layer 50, in order 
to allow a path for the N-well workfunction metal, e.g., TaN, 
to intermix with the TiN capping layer. This process will 
allow for adjustment to the workfunction of the TaN metal. In 
embodiments, the argon Sputter can completely remove the 
metal layer 50 at a bottom of the trench, on the NFET side of 
the structure; although, in embodiments, a certain amount of 
the metal layer 50, e.g., about 10 A or less, can remain after 
the argon sputter etch. The TiN layer will protect the under 
lying TaN layer on the PFET side of the structure, during the 
sputter etching on the NFET side of the structure. 

In FIG. 13, a metal layer 54 is deposited on the metal layer 
52, metal layer 50 and the exposed portion of the trench, e.g., 
exposed TaN layer in the trench on the NFET side of the 
structure. In embodiments, the metal layer 54 can be, for 
example, Tial, deposited using a RF plasma vapor deposition 
(RFPVD) process. In embodiments, the TiAl can be used for 
adjusting a workfunction of the NFET device of the structure. 
The ratio of TiAl can be about 1:1, for example. A metal seal 
layer 56, e.g., TiN or TaN material, is deposited on the metal 
layer 54. The metal seal layer 56 can protect the workfunction 
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6 
metals from Al fill and prevent Al spiking, for example. The 
metal seal layer 56 may be deposited using, for example, an 
ALD or metal sputtering. 
As shown in FIG. 14, a bulk Al fill material 58 is deposited 

on the metal seal layer 56. In embodiments, the bulk Al fill 
material can comprise, for example, a Tiwetting for adhesion 
and nucleation, followed by a A1 seed layer to improve Alhot 
nucleation in Small trenches. Aluminum is then deposited. In 
embodiments, the A1 can be deposited in a hot reflow bulk fill 
process at a temperature ranging from about 400°C. to about 
450° C. Alternatively, the Alcan be deposited using a cold and 
hot process such as, for example, a CVD process followed by 
the hot reflow process. As shown in these processes, the bulk 
Al fill material 58 will fill in the trenches 46, thus forming a 
metal gate. 

In FIG. 15, the bulk Al fill material 58 is planarized using, 
for example, an Al CMP process, which is highly selective to 
oxide. In embodiments, the CMP process will also etch the 
metal layers 48, 50, 52, 54 and 56 on a surface the structure. 
The Al CMP process will result in a layer 60 of, for example, 
AlOx, on the top of the metal gate structure 62. Advanta 
geously, the resultant structure includes the high-k dielectric 
material 38 on the sides of the metal gate structure 62, at a 
certain pullback distance. As should be understood, the pull 
back distance can be adjusted by the etching of the high-k 
dielectric material, to tune device performance. 

FIG. 16. shows a performance graph of a capacitance ratio 
vs. a pull-down of a high-k dielectric liner in accordance with 
aspects of the invention. As shown in FIG. 16, the Ceff of the 
device will decrease as the pull down of the high-k dielectric 
material 38 increases. For example, a capacitance ratio of 1 
results with no pull down of the high-k dielectric material 38 
of 0 nm, whereas, a capacitance ratio of 0.87 results with a 
pull down of the high-k dielectric material 38 of 35 nm. 
Accordingly, the lower Ceff of the present invention can 
increase the Switching performance of the devices, which can 
be adjusted with the pull down of the high-k dielectric mate 
rial 38. 

FIG. 17 shows a performance graph of a frequency increase 
vs. a pull-down of a high-k dielectric liner in accordance with 
aspects of the invention. In embodiments, FIG. 17 shows that 
the frequency of the device will increase with an increase pull 
down of the high-k dielectric layer 38. For example, a pull 
down of about 30 nm will provide a 2% to 3% increase in 
frequency of the circuit. Accordingly by adjusting the pull 
down, it is possible to adjust the Switching frequency of the 
device, e.g., the more pull down of the high-k dielectric layer 
38 will increase the switching frequency of the device. 

FIG. 18 is a flow diagram of a design process used in 
semiconductor design, manufacture, and/or test. FIG. 18 
shows a block diagram of an exemplary design flow 900 used 
for example, in semiconductor IC logic design, simulation, 
test, layout, and manufacture. Design flow 900 includes pro 
cesses, machines and/or mechanisms for processing design 
structures or devices to generate logically or otherwise func 
tionally equivalent representations of the design structures 
and/or devices described above and shown in FIGS. 1-15. The 
design structures processed and/or generated by design flow 
900 may be encoded on machine-readable transmission or 
storage media to include data and/or instructions that when 
executed or otherwise processed on a data processing system 
generate a logically, structurally, mechanically, or otherwise 
functionally equivalent representation of hardware compo 
nents, circuits, devices, or systems. Machines include, but are 
not limited to, any machine used in an IC design process. Such 
as designing, manufacturing, or simulating a circuit, compo 
nent, device, or system. For example, machines may include: 



US 8,642,424 B2 
7 

lithography machines, machines and/or equipment for gen 
erating masks (e.g. e-beam writers), computers or equipment 
for simulating design structures, any apparatus used in the 
manufacturing or test process, or any machines for program 
ming functionally equivalent representations of the design 
structures into any medium (e.g. a machine for programming 
a programmable gate array). 

Design flow 900 may vary depending on the type of rep 
resentation being designed. For example, a design flow 900 
for building an application specific IC (ASIC) may differ 
from a design flow 900 for designing a standard component or 
from a design flow 900 for instantiating the design into a 
programmable array, for example a programmable gate array 
(PGA) or a field programmable gate array (FPGA) offered by 
Altera R, Inc. or XilinxOR Inc. 

FIG. 18 illustrates multiple such design structures includ 
ing an input design structure 920 that is preferably processed 
by a design process 910. Design structure 920 may be a 
logical simulation design structure generated and processed 
by design process 910 to produce a logically equivalent func 
tional representation of a hardware device. Design structure 
920 may also or alternatively comprise data and/or program 
instructions that when processed by design process 910, gen 
erate a functional representation of the physical structure of a 
hardware device. Whether representing functional and/or 
structural design features, design structure 920 may be gen 
erated using electronic computer-aided design (ECAD) Such 
as implemented by a core developer/designer. When encoded 
on a machine-readable data transmission, gate array, or Stor 
age medium, design structure 920 may be accessed and pro 
cessed by one or more hardware and/or software modules 
within design process 910 to simulate or otherwise function 
ally represent an electronic component, circuit, electronic or 
logic module, apparatus, device, or system such as those 
shown in FIGS. 1-15. As such, design structure 920 may 
comprise files or other data structures including human and/ 
or machine-readable source code, compiled structures, and 
computer-executable code structures that when processed by 
a design or simulation data processing system, functionally 
simulate or otherwise represent circuits or other levels of 
hardware logic design. Such data structures may include 
hardware-description language (HDL) design entities or 
other data structures conforming to and/or compatible with 
lower-level HDL design languages such as Verilog and 
VHDL, and/or higher level design languages Such as C or 
C++. 

Design process 910 preferably employs and incorporates 
hardware and/or software modules for synthesizing, translat 
ing, or otherwise processing a design/simulation functional 
equivalent of the components, circuits, devices, or logic struc 
tures shown in FIGS. 1-15 to generate a netlist980 which may 
contain design structures such as design structure920. Netlist 
98.0 may comprise, for example, compiled or otherwise pro 
cessed data structures representing a list of wires, discrete 
components, logic gates, control circuits, I/O devices, mod 
els, etc. that describes the connections to other elements and 
circuits in an integrated circuit design. Netlist 98.0 may be 
synthesized using an iterative process in which netlist 980 is 
resynthesized one or more times depending on design speci 
fications and parameters for the device. As with other design 
structure types described herein, netlist 98.0 may be recorded 
on a machine-readable data storage medium or programmed 
into a programmable gate array. The medium may be a non 
Volatile storage medium such as a magnetic or optical disk 
drive, a programmable gate array, a compact flash, or other 
flash memory. Additionally, or in the alternative, the medium 
may be a system or cache memory, buffer space, or electri 
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8 
cally or optically conductive devices and materials on which 
data packets may be transmitted and intermediately stored via 
the Internet, or other networking Suitable means. 

Design process 910 may include hardware and software 
modules for processing a variety of input data structure types 
including netlist 980. Such data structure types may reside, 
for example, within library elements 930 and include a set of 
commonly used elements, circuits, and devices, including 
models, layouts, and symbolic representations, for a given 
manufacturing technology (e.g., different technology nodes, 
32 nm, 45 nm, 90 nm, etc.). The data structure types may 
further include design specifications 940, characterization 
data 950, verification data 960, design rules 970, and test data 
files 985 which may include input test patterns, output test 
results, and other testing information. Design process 910 
may further include, for example, standard mechanical 
design processes such as stress analysis, thermal analysis, 
mechanical event simulation, process simulation for opera 
tions such as casting, molding, and die press forming, etc. 
One of ordinary skill in the art of mechanical design can 
appreciate the extent of possible mechanical design tools and 
applications used in design process 910 without deviating 
from the scope and spirit of the invention. Design process 910 
may also include modules for performing standard circuit 
design processes such as timing analysis, Verification, design 
rule checking, place and route operations, etc. 

Design process 910 employs and incorporates logic and 
physical design tools such as HDL compilers and simulation 
model build tools to process design structure 920 together 
with some or all of the depicted Supporting data structures 
along with any additional mechanical design or data (if appli 
cable), to generate a second design structure 990. 

Design structure 990 resides on a storage medium or pro 
grammable gate array in a data format used for the exchange 
of data of mechanical devices and structures (e.g. information 
stored in a IGES, DXF, Parasolid XT, JT, DRG, or any other 
Suitable format for storing or rendering Such mechanical 
design structures). Similar to design structure 920, design 
structure 990 preferably comprises one or more files, data 
structures, or other computer-encoded data or instructions 
that reside on transmission or data storage media and that 
when processed by an ECAD system generate a logically or 
otherwise functionally equivalent form of one or more of the 
embodiments of the invention shown in FIGS. 1-15. In one 
embodiment, design structure 990 may comprise a compiled, 
executable HDL simulation model that functionally simu 
lates the devices shown in FIGS. 1-15. 

Design structure 990 may also employ a data format used 
for the exchange of layout data of integrated circuits and/or 
symbolic data format (e.g. information stored in a GDSII 
(GDS2), GL1, OASIS, map files, or any other suitable format 
for storing such design data structures). Design structure 990 
may comprise information Such as, for example, symbolic 
data, map files, test data files, design content files, manufac 
turing data, layout parameters, wires, levels of metal, Vias, 
shapes, data for routing through the manufacturing line, and 
any other data required by a manufacturer or other designer/ 
developer to produce a device or structure as described above 
and shown in FIGS. 1-15. Design structure 990 may then 
proceed to a stage 995 where, for example, design structure 
990: proceeds to tape-out, is released to manufacturing, is 
released to a mask house, is sent to another design house, is 
sent back to the customer, etc. 
The method as described above is used in the fabrication of 

integrated circuit chips. The resulting integrated circuit chips 
can be distributed by the fabricator in raw wafer form (that is, 
as a single wafer that has multiple unpackaged chips), as a 
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bare die, or in a packaged form. In the latter case the chip is 
mounted in a single chip package (such as a plastic carrier, 
with leads that are affixed to a motherboard or other higher 
level carrier) or in a multichip package (such as a ceramic 
carrier that has either or both surface interconnections or 
buried interconnections). In any case the chip is then inte 
grated with other chips, discrete circuit elements, and/or other 
signal processing devices as part of either (a) an intermediate 
product, such as a motherboard, or (b) an end product. The 
end product can be any product that includes integrated cir 
cuit chips, ranging from toys and other low-end applications 
to advanced computer products having a display, a keyboard 
or other input device, and a central processor. 
The terminology used herein is for the purpose of describ 

ing particular embodiments only and is not intended to be 
limiting of the invention. As used herein, the singular forms 
“a”, “an and “the are intended to include the plural forms as 
well, unless the context clearly indicates otherwise. It will be 
further understood that the terms “comprises” and/or “com 
prising, when used in this specification, specify the presence 
of stated features, integers, steps, operations, elements, and/ 
or components, but do not preclude the presence or addition 
of one or more other features, integers, steps, operations, 
elements, components, and/or groups thereof. 
The corresponding structures, materials, acts, and equiva 

lents of all means or step plus function elements in the claims, 
if applicable, are intended to include any structure, material, 
or act for performing the function in combination with other 
claimed elements as specifically claimed. The description of 
the present invention has been presented for purposes of 
illustration and description, but is not intended to be exhaus 
tive or limited to the invention in the form disclosed. Many 
modifications and variations will be apparent to those of 
ordinary skill in the art without departing from the scope and 
spirit of the invention. The embodiment was chosen and 
described in order to best explain the principals of the inven 
tion and the practical application, and to enable others of 
ordinary skill in the art to understand the invention for various 
embodiments with various modifications as are suited to the 
particular use contemplated. Accordingly, while the invention 
has been described in terms of embodiments, those of skill in 
the art will recognize that the invention can be practiced with 
modifications and in the spirit and scope of the appended 
claims. 

What is claimed: 
1. A method comprising: 
forming at least one trench structure; 
forming a liner of high-k dielectric material in the at least 

one trench structure; 
adjusting a height of the liner of high-k dielectric material; 
forming at least one workfunction metal on the liner of 

high-k dielectric material; and 
forming a metal gate structure in the at least one trench 

structure, over at least one workfunction metal and the 
liner of high-k dielectric material, wherein: 

after forming the liner, filling the at least one trench struc 
ture with a resist, over the liner of high-k dielectric 
material; 

prior to adjusting the height of the liner, recessing the resist 
in the at least one trench structure; and 

Subsequent to the adjusting, removing remaining resist in 
the at least one trench structure. 

2. The method of claim 1, wherein the high-k dielectric 
material has a k value of 20 or greater. 

3. The method of claim 1, wherein the high-k dielectric 
material is one of HFO and HfSiO. 
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10 
4. The method of claim 1, wherein the forming the at least 

one trench structure comprises: 
forming a sacrificial gate structure; 
forming a stress material about the sacrificial gate struc 

ture; 
forming a gap material on the stress material; 
polishing the stress material, the gap material and a portion 

of the sacrificial gate structure, to expose material of the 
sacrificial gate structure; and 

removing remaining material of the sacrificial gate struc 
ture to form the at least one trench structure. 

5. The method of claim 4, wherein the stress material is a 
nitride material which causes a tensile stress on a NFET and 
a compressive stress on a PFET. 

6. The method of claim 4, wherein the forming the sacri 
ficial gate structure comprises: 

forming an amorphous silicon layer on an interface layer, 
forming an insulator layer on the amorphous silicon layer; 
forming a hardmask on the insulator layer, and 
patterning the interface layer, the amorphous silicon layer, 

the insulator and the hardmask. 
7. The method of claim 6, wherein the polishing exposes 

the amorphous silicon layer, and the removing remaining 
material comprises removing the amorphous silicon layer. 

8. The method of claim 7, further comprising etching a 
portion of the interface layer to remove any residual material, 
prior to depositing the at least one workfunction metal and 
metal for the metal gate structure. 

9. A method comprising: 
forming at least one trench structure; 
forming a liner of high-k dielectric material in the at least 

one trench structure; 
adjusting a height of the linter of high-k dielectric material; 
forming at least one workfunction metal on the liner of 

high-k dielectric material; and 
forming a metal gate structure in the at least one trench 

structure, over at least one workfunction metal and the 
liner of high-k dielectric material, wherein: 

forming the liner of high-k dielectric material comprises 
forming high-k dielectric material on an interface layer 
forming a bottom of the at least one trench, and sidewalls 
of the at least one trench structure; 

adjusting the height of the liner of high-k dielectric mate 
rial comprises etching the high-k dielectric material to 
below a height of a resist which was recessed in the at 
least one trench structure; and 

forming the metal gate structure comprises: 
forming the at least one workfunction metal on the liner 

of high-k dielectric material and on exposed sidewalls 
of the at least one trench structure; and 

forming a metal on the at least one workfunction metal. 
10. The method of claim 9, wherein the metal is a bulk fill 

Al. 
11. A method comprising: 
forming at least one trench structure; 
forming a liner of high-k dielectric material in the at least 

one trench structure; 
adjusting a height of the linter of high-k dielectric material; 
forming at least one workfunction metal on the liner of 

high-k dielectric material; and 
forming a metal gate structure in the at least one trench 

structure, over at least one workfunction metal and the 
liner of high-k dielectric material, wherein: 

forming the metal gate structure comprises forming the at 
least one workfunction metal on the liner of high-k 
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dielectric material and on exposed sidewalls of the at 
least one trench, whereinforming the at least one work 
function metal comprises: 

forming a capping layer within the at least one trench 
structure and on the liner of high-k dielectric material; 

forming an additional metal layer on the capping layer; 
protecting the capping layer and the additional metal layer 
on a first type of device; and 

etching the additional metal layer on a second type of 
device to allow a path for the additional metal layer to 
intermix with the capping layer to adjust a workfunction 
of the second type of device. 

12. The method of claim 11, wherein the etching is an argon 
sputter that completely or almost completely removes the 
additional metal layer at a bottom of the at least one trench 
structure of the second type of device. 

13. The method of claim 11, wherein the protecting com 
prising forming a TiN layer over the first type of device, prior 
to the argon sputter on the second type of device. 

14. The method of claim 11, wherein: 
the additional metal layer is TaN, deposited to a depth of 

about 10 A to about 20 A; 
the capping layer is TiN deposited to a depth of about 10 A 

to about 20 A; 
the additional metal layer is TiN; and 
further comprising depositing TiAl for adjusting a work 

function of the second type of device. 
15. The method of claim 14, further comprising forming a 

metal seal layer to protect workfunction metals from Al fill 
and prevent Al spiking. 

16. A method, comprising: 
forming a sacrificial gate structure on an interface layer, 

over a first type of device and a second type of device; 
forming stress material on the sacrificial gate structure; 
forming a gap material on the stress material; 
polishing the stress material, the gap material and portions 

of the sacrificial gate structure to expose material of the 
sacrificial gate structure: 

removing the sacrificial gate structure to form a first trench 
over the first type of device and a second trench over the 
second type of device; 

forming a liner of high-k dielectric material with a k value 
of 20 or greater in the first trench and the second trench: 

adjusting a height of the liner of high-k dielectric material 
with an etching process; and 

forming a metal gate structure in the first trench and the 
second trench and over the liner of high-k dielectric 
material and at least one workfunction metal. 
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17. The method of claim 16, wherein forming the metal 

gate structure comprises forming the at least one workfunc 
tion metal in the first trench and the second trench, prior to 
filling the first trench and the second trench with a bulk metal 
fill material. 

18. The method of claim 17, further comprising adjusting a 
workfunction value of the at least one workfunction metal for 
the first type of device by a sputteretch while protecting theat 
least one workfunction metal for the second type of device. 

19. The method of claim 16, wherein the high-k dielectric 
material is one of HFO, and HfSiO, 

20. The method of claim 16, further comprising adjusting a 
height of the liner of high-k dielectric material by etching the 
high-k dielectric material to below a height of a resist depos 
ited within the first trench and the second trench. 

21. The method of claim 16, wherein forming the metal 
gate structure comprises forming the at least one workfunc 
tion metal on the liner of high-k dielectric material and on 
exposed sidewalls of the at least one trench, whereinforming 
at least one workfunction metal comprises: 

forming a capping layer within the at least one trench and 
on the liner of high-k dielectric material; 

forming an additional metal on the capping layer; 
protecting the capping layer and the additional metal layer 

on the second type of device; and 
etching the additional metal layer on the first type of device 

to allow a path for the additional metal to intermix with 
the capping layer to adjust a workfunction of the first 
type of device, wherein 

the etching is an argon sputter that completely or almost 
completely removes the additional metal at a bottom of 
the first trench and the second trench, 

the protecting comprising forming a TiN layer over the 
second type of device, prior to the argon sputter on the 
first type of device. 

22. A device, comprising: 
a trench structure formed of a stress material, and with a 

bottom surface comprising an interface layer over a well 
of a first device and sidewall structures formed on direct 
contact with the stress material; 

a high-k dielectric material with a high k value of about 20 
or greater lining the trench, and which is pulled down a 
predetermined distance from a top surface of the trench 
structure; 

a work function metal on the high-k dielectric material and 
portions of the sidewall of the trench; and 

a metal gate structure filling the trench structure and being 
on the work function metal. 

ck ck ck ck ck 


